Determinants of helix-loop-helix dimerization affinity. Random mutational analysis of SCL/tal.
Dimerization represents a key regulatory step in the function of basic helix-loop-helix transcriptional factors. In many instances tissue-specific basic helix-loop-helix proteins, such as the hematopoietic factor SCL/tal or the myogenic factor MyoD, interact with ubiquitously expressed basic helix-loop-helix proteins, such as E2A or E2-2. Such dimerization is necessary for high affinity, sequence-specific DNA binding. Previous biochemical and structural studies have shown the helix-loop-helix region to be necessary and sufficient for this interaction. In the present study, we analyzed the relative affinities of various helix-loop-helix interactions using the yeast two-hybrid system. The relative affinities of selected helix-loop-helix species for the partner protein E2-2 were as follows: Id2 > MyoD > SCL/tal. Mutants of SCL/tal with increased affinity for E2-2 were selected from a library of randomly mutated basic helix-loop-helix domains. The amino acid changes in these high affinity versions of SCL/tal introduced residues that resembled those in the corresponding positions of the Id proteins and MyoD. One of the mutants, SCL 12, also contained mutations in highly conserved residues previously thought to be necessary for dimerization. This mutant of SCL demonstrated diminished temperature sensitivity in in vitro interaction assays as compared with the wild type protein. Computational modeling of helix-loop-helix dimers provides an explanation for the increased dimerization affinity of SCL mutant 12.